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Summary A total of 237 breast carcinomas have been studied with the Courtenay-Mills (C-M) soft agar
method. Cell yields and plating efficiencies (PE) were recorded after various enzyme treatments. The highest
cell yields and PEs were obtained with the combination of collagenase 0.5%, hyaluronidase 1000IEml-1 and
DNase 0.10% and an incubation time of 2 h. Eighty percent of the specimens gave > 10 colonies, and 60%
formed >30 colonies permitting chemosensitivity studies. The C-M method gave significantly higher PEs
than the Hamburger-Salmon (H-S) method. Hormone supplements (insulin, oestradiol, progesterone,
hydrocortisone) and also reduced agar concentrations (<0.3%) gave marginal stimulation of colony
formation. In chemosensitivity studies involving doxorubicin, vincristine and 4-OOH-cyclophosphamide, the
C-M method gave dose-response relationships without plateaus.
Breast carcinoma is the most common malignancy among
females in most Western countries. The disseminated form is
incurable by the treatment modalities presently available.
For these reasons more studies of breast cancer biology and
of the effects of various treatment schedules are needed.
During the last decade several investigators have reported
on the cultivation of human breast carcinomas in vitro
employing various cultivation methods based on semisolid
medium (Von Hoff et al., 1981; Sandbach et al., 1982;
Rozencweig et al., 1984; Jones et al., 1985). These techniques
which in general do not permit growth of normal cells and
malignant cells with limited proliferation potential (Single-
tary et al., 1985), open the possibility of studying various
aspects of breast cancer cell biology, including their sensiti-
vity to hormones, cytotoxic agents and ionizing radiation.
However, cultivation of fresh breast carcinoma specimens in
soft agar involves a number of problems. Thus, breast
carcinomas, especially primaries, are extremely difficult to
disaggregate and low yields of single cells are usually
obtained (Besch et al., 1983; Slocum et al., 1981). In the
majority of cases, insufficient colony formation for chemo-
sensitivity testing is obtained and the plating efficiencies
(PEs) are usually low (Jones et al., 1985; von Hoff et al.,
1981; Dittrich et al., 1984). This raises important questions
about the representativeness of the clonogenic cells studied.
For the purpose of in vitro studies most workers have
employed the Hamburger & Salmon (1977) double layer soft
agar method or modifications of this method. In our pre-
vious studies of malignant melanomas we obtained high PEs
with the Courtenay & Mills (1978) soft agar method which
employs tubes, rat erythrocytes, low 02 concentrations and
refeeding with growth medium (Tveit et al., 1981a,b). To
investigate whether the same method also is suitable in the
case of breast cancers, we have studied here 237 fresh breast
carcinomas.
Materials and methods
Tumour material
A total number of 237 tumours, surgically removed from 229
patients hospitalized in The Norwegian Radium Hospital,
were studied during the years 1981-1986. One hundred and
ninety-four of the tumours were primaries, whereas 43 were
metastases or loco-regional recurrences. The specimens were
immediately put in ice-cold RPMI medium, supplemented
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with 100 IU ml-1 penicillin and 100,ugml streptomycin.
Within 20 min, fat and necrotic tissue, as well as normal
breast tissue, were removed, and disaggregation was started.
Chemicals - biochemicals
Hams F-12 medium was supplied by Flow Laboratories,
Irvine, Scotland, foetal calf serum and penicillin/streptomy-
cin by Gibco Limited, Paisley, Scotland, whereas collagenase
type I, hyaluronidase, DNase, insulin, 17B-oestradiol, pro-
gesterone and hydrocortisone was supplied by Sigma Chemi-
cals Co., St Louis, USA. Doxorubicin was obtained from
Farmitalia Carlo Erba, Milano, Italy. 4-OOH-cyclophospha-
mide was a gift from Asta Werke, Bielefeld, Germany. Vincris-
tine was purchased from Eli Lilly & Co., Basingstoke,
England. Abrin was prepared in the Department of Bio-
chemistry, Institute for Cancer Research, Oslo, Norway. All
tumours were examined histologically by light microscopy of
haematoxylin-eosin stained sections of paraffin embedded
fixed material. Also, in most cases the single cell suspensions
obtained were examined under the microscope after Papa-
nicolaou staining of fixed cytospin preparations.
Disaggregation techniques
The tumours were sliced with a scalpel in as small slices as
possible. The sliced tumour fragments were carefully mixed
and disaggregation with enzymes was performed. To com-
pare different disaggregation procedures in a series of
tumours, the mixture was divided (by weight) into two equal
parts before incubation with enzymes at 37°C. The enzyme
mixtures used consisted of collagenase, hyaluronidase and
DNase. Two different concentrations of enzymes, 'low' and
'high', were applied. 'Low' concentrations were: Collagenase
0.125%, hyaluronidase 250IUml-1, DNase 0.025%. 'High'
concentrations were: Collagenase 0.5%, hyaluronidase
1000 IUml-1, DNase 0.1%. After an incubation time of 2 or
3 h at 37°C with continuous agitation, the single cell suspen-
sion was collected after filtration of the released cells
through a 45 um nylon mesh. The cells were washed, centri-
fuged at 160g for 5 min, and counted in a haemacytometer
under a phase-contrast microscope. Bright cells with an
intact outline were scored as viable.
Courtenay-Mills (C-Al) method
The C-M soft agar method (Courtenay & Mills, 1978) was
performed with small modifications, as previously described
by Tveit et al. (1980, 1984). The experiments were set up in
triplicate. Briefly, to each culture tube, 0.2ml of a suspen-
sion of washed and heated (44°C for 1 h) rat red blood cells,
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diluted 1:8 in complete medium (Hams F12 with 15% foetal
calf serum and antibiotics), was added. Then, 0.2ml of the
suspension of properly diluted tumour cells was added.
Usually 5 x 104 (in some cases 105) viable cells were plated
per tube. Finally, 0.6ml of a 0.5% agar (Bacto) in complete
medium was added. The components were mixed by shaking,
and the tubes were put in ice water to permit the agar to
solidify. Cultivation was performed in an incubator control-
ling the exact concentration of 02 (5%), CO2 (5%) and N2
(90%). After 5-7 days, 1 ml complete medium was added to
each tube. Refeeding with 1 ml complete medium was per-
formed after 2 and 3 weeks. After 4 weeks of incubtion,
colonies were counted in a stereo microscope. Colonies
>60,um in diameter were scored. Usually, the numbers of
colonies per replicate tube were within +20% of the mean.
The plating efficiency (PE) was calculated as the number of
colonies in percentage of the number of viable cells plated.
Previously we have shown (Tveit et al., 1984) that in the
C-M method a linear relationship exists between the number
of cells plated and the number of colonies formed.
Hamburger-Salmon (H-S) method
The H-S soft agar method was performed as originally
described (Hamburger & Salmon, 1977), except that the
addition of conditioned medium from murine adherent
spleen cells in the underlayers was omitted. Colonies were
scored after 2 weeks of incubation. In some experiments the
incubation time was prolonged to 3 weeks.
Hormone supplements
The hormones were first added as single supplements in 3
different concentrations. The final concentrations were: insu-
lin 0.4ygml-1, 24ugml-1 and l0ugml-1; 17f-oestradiol
4 x 10-9M, 2 x10-8M and 10-7 M; hydrocortisone
4 x 10-9 2 x 10-8M and 10-7 M; progesterone 2 x10-8 M,
10-7 M, and 5 x 10-7 M. Subsequently, a mixture of the
hormones was used in the following concentrations: Insulin
lOpgml-, 17f-oestradiol 10-8M, hydrocortisone 10-8M,
and progesterone 10-8 M.
Chemosensitivity testing
Chemosensitivity testing was performed as previously de-
scribed by Tveit et al. (1980). Briefly, 5 x 104 (in some cases
105) cells were incubated with 4 different concentrations of
doxorubicin (0.1, 1, 10 and 100pgml-1), 4-OOH-cyclophos-
phamide (0.1, 1, 10 and lOOpgml-1), or vincristine (0.01,
0.1, 1 and 10pgml-1). The concentrations were chosen so
as to obtain dose-response relationship in the spectrum of
sensitivity and resistance. After incubation for 1 h, the cells
were washed in PBS and plated in the C-M soft agar
method as described above. The number of clonogenic cells
surviving treatment was expressed as a percentage of the
untreated control. As positive control, abrin, in a concen-
tration of 10 ugml-', was used. Only experiments in which
the abrin treated controls were free of cell aggregates were
evaluated.
Statistics
Due to the small sample size, tests of significance for
differences in various parameters are based on the non-
parametric method of Wilcoxon's test for paired compari-
sons (Hodges & Lehman, 1970).
Results
Disaggregation
Breast carcinomas are usually rather scirrhous and difficult
to disaggregate. In our experience mechanical disaggregation
alone is insufficient to obtain an acceptable number of viable
single cells. Also, the use of a stomacher which gave high cell
yields in melanomas (Tveit et al., 1984), gave insufficient cell
numbers in breast carcinomas. However, treatment with a
mixture of collagenase, DNase and hyaluronidase yielded
viable single cells with clonogenic ability. Cell yields and
plating efficiencies are given in Table I, and after two
different enzyme concentrations ('low' and 'high') and after
two different incubation times (2 h and 3 h) in Table II. On
average, the high enzyme concentrations gave - 2.6 times
higher cell yields than the low ones (P=0.008 Wilcoxon test)
and 1.6 times higher plating efficiencies (P=0.078). A 3h
incubation with the high enzyme concentrations gave higher
cell yields than a 2h incubation (P=0.031). However, the
plating efficiencies were lower after 3 h than after 2 h
incubation (P=0.016). A 1 h incubation was insufficient to
disaggregate the tumour tissue and resulted in small tumour
fragments, cell aggregates and a yield of single cells too low
to be calculated (not shown).
Growth in the Courtenay-Mills method
A total number of 237 tumour specimens from 229 breast
cancer patients could be evaluated for growth in the
Courtenay-Mills procedure. In all cases examined, malignant
cells were present, as judged by the cytological examination
of disaggregated cells, but the fractions of malignant cells
varied considerably (20-80% of the total cell yield). More
than 10 colonies were obtained in 189 of the 237 cases
(80%). Sixty percent of the cases gave more than 30
colonies, which is considered by most workers to be the
minimum number required to permit evaluation of drug
effects. The distribution in various PE categories are shown
in a histogram (Figure 1). It is seen that the majority of the
cases had PEs in the range 0.01-0.5%. Six tumours gave
PEs> 1.0%. Figure 1 also shows that thIe metastases/
Table I Cell yield and plating efficiency (PE) of 7 breast carcinomas
(3 primaries and 4 local skin recurrences) after disaggregation with
'low' and 'high' enzyme concentrations (3 h incubation time)
Yield (no. of cells) x 105
g-I tissue) PE (%)
Patient
no. Lowa Highb High/Low Lowa Highb High/Low
1 3.7 7.9 2.2 0.018 0.072 40.00
2 18.2 36.4 2.0 0.115 0.270 2.35
3 5.8 11.6 2.0 0.02 0.05 2.5
4 12.8 25.5 2.0 0.170 0.263 1.55
5 22.7 48.5 2.1 0.238 0.266 1.12
6 0.9 80.0 88.0 c 0.141 c
7 6.1 14.7 2.4 0.102 0.013 0.127
P=0.008' P =0.0078'
aLow concentrations: Collagenase 0.125%, DNase 0.025%, -
hyaluronidase 250IUml-.bHigh concentrations: Collagenase 0.5%,
DNase 0.1%, hyaluronidase 1000IUml-'. cInsufficient number of
cells to cultivate. dWilcoxon's paired-comparison test.
Table II Cell yield and plating efficiency of 7 breast carcinomas (5
primaries, 1 local skin recurrence and 1 lymph node metastasis) after
disaggregation with high enzyme concentrations for 2 and 3 hours
Yield (no. of cells x 105
g 'tissue) PE (0)
Patient
no. A:2h B:3 h B/A A:2h B:3 Bi 131A
8 26.7 23.0 0.9 0.108 0.068 0.63
9 3.0 3.1 1.0 0.097 0.065 0.67
10 11.4 13.3 1.2 0.066 0.040 0.60
11 59.8 59.8 1.0 0 0 0
12 2.5 4.3 1.7 0.021 0.007 0.33
13 2.3 3.4 1.5 0.123 0.038 0.309
14 6.6 9.4 1.4 0.159 0.144 0.906
P=0.031 P=0.016a
aWilcoxon's paired-comparison test.10 L. OTTESTAD et al.
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Figure 1 Histogram showing distribution of breast carcinoma
specimens (primary tumours and metastases/recurrences) with
respect to plating efficiency in soft agar. C], Primary tumours; 1
Metastases, recurrences.
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Figure 2 Dose-response curves of 12 breast carcinoma speci-
mens treated in vitro with indicated concentrations of doxorubi-
cin, 4-OOH-cyclophosphamide and vincristine.
recurrences grew slightly better than the primaries. Thus, the
primaries had a mean PE of 0.13%, whereas the metastases/
recurrenceshadameanPEofO.21%.Thedifferenceisstatistically
significant (2 = 14.71, df=5, P=0.012).
Courtenay-Mills method vs. Hamburger-Salmon method
In 15 cases, the cell suspensions were cultivated both in the
C-M and the H-S method. The results (Table III) show that
in most cases (11/15) the breast carcinoma cells grew better
in the C-M method and that in many instances the differ-
ences were appreciable. The mean PE value was 0.42% in
the C-M method, compared to 0.07% in the H-S method
(P=0.015).
Table III Plating efficiencies of 15 breast carcinoma specimens
cultivated in the Courtenay-Mills (C-M) method and in the
Hamburger-Salmon (H-S) method
Patient no. C-M method H-S method Ratio C-M/H-S
2
3
4
5
6
7
8
9
10
11
12
13
14
15
0.04
0.023
2.0
0.9
0
0.5
0.09
0
0.25
0.07
0.15
1.94
0.09
0.13
0.18
0
0
0.1
0.25
0
0.02
0.12
0
0.08
0.09
0
0.28
0.07
0.05
0.01
20.0
3.6
25.0
0.8
3.1
0.8
6.9
1.3
2.6
18.0
P=0.015a
aWilcoxon's paired-comparison test.
Influence of hormone supplements
In attempts to improve the colony formation, various hor-
mones (singly and in combinations) were added to the
culture medium. In Table IV the results are given for one of
the concentrations tested. Addition of either insulin, oestra-
diol, hydrocortisone or progesterone alone gave only
marginal stimulation. Thus, the mean enhancement factor
for insulin was 1.4 (P=0.087), for oestradiol 1.5 (P=0.064),
for hydrocortisone 1.1 (P=0.50) and for progesterone 1.3
(P=0.41). The three different concentrations used gave
similar results. The effects varied from one tumour to
another, and in a few cases a decrease in PE was actually
seen in the hormone-supplemented cultures. After addition
of hormone combinations a more pronounced stimulation
was observed with enhancement factors of 1.5 (insulin and
oestradiol, P=0.187), 1.7 (insulin, oestradiol and hydrocorti-
sone, P=0.004), and 2.0 (insulin, oestradiol, hydrocortisone
and progesterone, P=0.06). Importantly, inhibition was
never observed after the use of the four-hormone
combination.
Influence of the agar concentration
In attempts to improve the colony forming ability, we reduced
the agar concentration to 0.25%, 0.2%, 0.15% and 0.1%
and compared the plating efficiencies to those obtained with
the ordinary 0.3% agar concentration. The influence of agar
concentration varied from one specimen to another. Table V
shows that, on an average, more colonies were found with
agar concentrations of 0.25%, 0.2% and 0.15% than with
0.3% (enhancement factor 1.6-1.8, not statistically signifi-
cant, P>0.05). However, cultures obtained with agar con-
centrations below 0.2% were loose in structure and easily
fragmented, permitting sedimentation of cells to the plastic
surface.
Chemosensitivity
In a series of cases, tumour cell suspensions were treated
with doxorubicin, 4-OOH-cyclophosphamide and vincristine.
Typical dose-response curves showing the whole range of in
vitro responses for 12 tumours from patients untreated with
chemotherapeutic agents, are shown in Figure 2. A diver-
sity of dose-response relationships was obtained, showing
large individual differences in the in vitro responses.
Table IV Effect of hormones on growth of human breast carcinoma
cells in soft agar
No. of Enhancement
Hormone(s) specimens factora P valuea
Insulin (I) (2ygml-1) 11 1.4 0.087
Oestradiol (0) (2 x 1o8 M) 13 1.5 0.064
Hydrocortisone (H) (2 x 10-8 M) 5 1.1 0.50
Progesterone (P) (10' M) 5 1.3 0.41
1+0 7 1.5 0.187
I+O+H 9 1.7 0.004
I+O+H+P 4 2.0 0.06
aEnhancement factor: PE in hormone-supplemented cultures/PE in
controls. bWilcoxon's paired-comparison test.
Table V Effect of agar concentration on growth of breast
carcinoma cells in soft agar
Agar concentration No. of Enhancement
(0) specimens factora P valueb
0.25 7 1.7 0.422
0.20 11 1.6 0.232
0.15 6 1.8 0.421
0.10 9 1.3 0.367
aEnhancement factor: PE in cultures with low agar concen-
tration/PE in controls (agar concentration 0.3%). bWilcoxon's
paired-comparison test.
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Discussion
In studies of clonogenic breast carcinoma cells in vitro it is
essential to use an optimal disaggregation technique to
obtain a high yield of viable single cells. Our investigation
showed that a mixture of collagenase, DNase and hyaluroni-
dase at low concentrations was insufficient, even if a rather
long incubation time (3 h) was used. By employing higher
concentrations of the 3 enzymes the tissue was almost
completely disaggregated and higher yields of viable single
cells were obtained. Importantly, higher PEs were obtained,
indicating that the higher enzyme concentration did not
damage the cells. Probably, the low enzyme concentration
liberates mainly loosely attached cells (localized to the
necrotic areas), whereas a high concentration is needed to
liberate firmly bound cells localized to the fibrotic stroma
close to the vessels. Under our conditions, an incubation
time of I h was insufficient to disaggregate breast cancer
tissue, even if high concentrations were used. Significantly
higher cell yields were found after an incubation time of 3 h
compared to 2 h. The PEs, however, were lower after 3 h
incubation. Apparently, the tumour cells are damaged dur-
ing a prolonged period of incubation with high enzyme
concentrations. We therefore conclude that, for the purpose
of cell cultivation, the optimal disaggregation procedure is a
2h incubation with the high enzyme concentrations.
Using the Courtenay-Mills soft agar method, 80% of the
breast carcinomas formed > 10 colonies, and 60% of the
tumours formed enough colonies to permit chemosensitivity
studies. The method seems to give colony formation in more
cases and also higher plating efficiencies than obtained in
this tumour type by most other methods. Thus, Jones et al.
(1985) found >5 colonies in 44% and >30 colonies in 27%.
Von Hoff et al. (1981) found >5 colonies in 61% and
Dittrich et al. (1984) found colonies in 44% of the cases.
Rozencweig et al. (1984), who used the Hamburger-Salmon
assay, found that 75% of breast carcinomas formed >5
colonies. It is of interest that Besch et al. (1986) in a study of
12 breast carcinomas found a mean PE as high as 0.39%
using optimized culture conditions.
In the direct comparison performed here (Table III), more
tumours grew and higher PEs were generally found with the
C-M method than with the H-S methods. These findings are
similar to those previously obtained in malignant melanomas
(Tveit et al., 1981a), although the differences were larger in
melanomas. In our experience, colonies formed from breast
cancer are usually smaller than those obtained from melano-
mas ('cut off' diameter for breast carcinomas are here set to
60pm, whereas 100pm was used as 'cut off' diameter in
malignant melanomas). In order to get large enough colonies
to be counted (>60gm in diameter), the incubation time
had to be prolonged to about 4 weeks, including refeeding.
This is possible in the C-M procedure, but not in the double
layer methods where counting of colonies usually has to be
done after about 2 weeks of incubation (due to starvation
and drying up of cultures).
Addition of single hormones gave only a marginal stimula-
tion of colony formation in the present investigation (Table
IV). However, the combination of insulin, oestradiol, proges-
terone and hydrocortisone approximately doubled the
number of colonies, compared to the standard method.
Similar results have previously been obtained with the H-S
method (Hug et al., 1984; Hamburger et al., 1983; see also
Hanauske et al., 1985). On this basis it may be questioned
whether the modest degree of hormone stimulation obtained
justifies the routine use of expensive hormone supplements in
the soft agar assays.
By decreasing the agar concentration from the ordinary
0.3% to 0.25%, 0.20% and 0.15% a somewhat increased PE
was found in the breast carcinoma specimens (Table V). This
increase, which was not statistically significant, was smaller
than that found in some continuous cell lines cultivated in
decreased concentrations of agarose (Whelan & Hill, 1981).
It is, however, difficult to handle cultures obtained at agar
concentrations lower than 0.25%.
The chemosensitivity results show that dose-response rela-
tionships are obtained with the present method and that
various tumours differ with respect to sensitivity to the
agents used. In fact, the chemosensitivity, as measured here
by the IC50, may differ for various tumours by a factor of
1000. Clinical data on responses to chemotherapy with the
agents here tested are insufficient to permit correlations of in
vitro sensitivity with clinical responses.
In conclusion, the Courtenay-Mills soft agar method gives
colony formation in about 80% of fresh breast carcinoma
specimens, and chemosensitivity can be evaluated in 60% of
the cases. The method may be used for various biological
studies and measurements of sensitivity to cytotoxic agents,
hormones, growth factors, biological response modifiers,
irradiation and other treatments.
This work was supported by the Norwegian Cancer Society.
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